Abstract. This study examines the effect of the relativistic factor as well as the triaxiality effect of the bigger primary on the positions and stability of the collinear points in the frame work of the post-Newtonian approximation. Using semi-analytical and numerical approach the collinear points are found to be unstable. A numerical exploration in this connection, with the Earth-Moon system, reveals that the relativistic factor has an effect on these positions. It is also found that under the combined effect of relativistic factor and triaxiality, the collinear point 1 L moves towards the primaries with the increase in triaxiality, while 2 L and 3 L move away from the bigger primary. It is also seen that in most of the cases in the presence of triaxiality, the effect of relativistic factor on the positions of 1 L and 3 L is not observable; however it has an observable effect on the position of 2 L in the presence of triaxiality except for the case 2.
Introduction
In the restricted three-body problem (R3BP), two massive bodies of finite masses 1 2 m and m called bigger and smaller primary respectively having spherical symmetry move about their center of mass in circular orbits. A third mass 3 m , the infinitesimal one, moves under the combined gravitational attraction of the two bodies but does not influence their motion. This problem possesses five equilibrium points, three collinear points 1 2 3 , L L and L which are in general unstable and two triangular points 4 5 L and L which are stable for the mass ratio 0 0.038520... µ µ < = Szebehely [1] . The relativistic restricted three-body problem was originally studied by Brumberg [2] . Bhatnagar and Hallan [3] were the first to study the stability of triangular points of the same model problem and found that the triangular point are unstable in the whole region is the Routh's value. Later on, Ahmed et al. [5] reexamined the same model problem and found the region of stability of triangular points as 0 0.03840 µ ≤ < . Ragos et al. [6] studied the existence, position and stability of collinear points in the relativistic R3BP.
In recent years, there has been a strong revival of interest in the relativistic R3BP. Many perturbing forces i.e. radiation, oblateness, perturbations in the centrifugal and Coriolis forces etc. have been included in the study of relativistic R3BP. Several authors (Abd El-Bar and Abd ElSalam [7] ; Abd El-Bar and Abd El-Salam [8] ; Abd El-Salam and Abd El-Bar [9] ; Katour et al. [10] ; Abd El-Bar et al. [11] ) have focused their study on the locations of equilibrium points of relativistic R3BP under some various aspects of the above mentioned perturbing forces.
Singh and Bello [12] [13] [14] have studied the locations and stability of triangular points of the relativistic R3BP under some of the above mentioned perturbing forces.
In general, the celestial bodies are not perfect spheres. They are either oblate or triaxial. From authors' knowledge no work has been attempted yet by any researcher on the locations and stability of the collinear points when the bigger primary is a triaxial rigid body in the relativistic R3BP.
Hence it raised a curiosity in our minds to study the effect of triaxiality of the bigger primary on the location and stability of collinear equilibrium points in the relativistic R3BP.
This paper is organized as follows: In Section 2, the equations governing the motion are presented; Section 3 describes the positions of collinear points, while their linear stability is analyzed in Section 4. A numerical application of these results and discussion are given in Section 5, and Section 6, respectively. Finally, Section 7 conveys the main findings of this paper.
Equations of motion
The pertinent equations of motion of the infinitesimal mass in the relativistic R3BP when the bigger primary is a triaxial rigid body, in a barycentric synodic coordinate system ( ) η ξ , and dimensionless variables are given by Brumberg [2] and Bhatnagar and Hallan [3] as:
whereW is the potential-like function of the relativistic R3BP.
As Katour et al. [10] we do not include the triaxiality parameters ( )
in the relativistic part of W since the magnitude of these terms is so small due to 2 − c where c is the speed of light. 
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and , n the perturbed mean motion of the primaries is given by ( ) 
Locations of collinear points
Equilibrium points are those points at which no resultant force acts on the third infinitesimal body. Therefore, if it is placed at any of these points with zero velocity, it will stay there. In fact, all derivatives of the coordinates with respect to the time are zero at these points. Therefore, the equilibrium points are solutions of equations In order to find the collinear points, we put 0 = η in equation (5 
with ,
To locate the collinear points on the − ξ axis, we divide the orbital plane into three parts: 
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Now substituting equation (7) in (6), we obtain ( ) ( ) ( ) ( ) 9  8  2  2  2  2  7  2  2  2  2  3  1  1  2  1  1  2  1  2   2  2  2  6  2  2  2  2  2  3  2  2  5  1  1  2  1  2  1   2  2  2  3  2  2  2  1  1  2   3  7  6  16 15 3  2  6  3  30  15   10  3  2  8 29  20  8  24  12  13 60  16  4 4  2  3  2  2  1   4  2  2  2  2  2  3  4  2  3  2  2  1  1  2  2  1  1   2  2  3  3  2  2  1   8  21  6  2  3 34   6  30  12  9 24  15  12  3 6  12  19  33   13 13  8  24  6 
In the presence of triaxiality only, we have ( ) 
Case 2: Position of ( )
Substituting equation (9) in (6), we obtain ( ) ( ) ( ) ( ) 9  8  2  2  2  2  7  2  2  2  2  3  2  2  2  1  2  1   2  2  2  6  2  2  2  2  2  3  2  2  5  2  1  2  2  1  2  2  1  2   2  3  2  2  2  2  1  1  2   3  7  16  3  2  6  15  2  3  8 10  30  35   3  6  15  10  8  26 13 20  60  30  4  12  24   47  18  60  16  36  8 2  4  2  2  2  2  2  1   2  2  3  2  4  2  2  3  3  4  2  2  2  1  2  2  2   2  2  3  2  3  2  2   18  30  21  15  25 30   24  12  50  4  9 6  66  6  53  6  39  12  3   13 8  9  24  5 
Case 3: Position of ( )
Let the distance of the point 3 L from the bigger primary be substituting equation (11) in (6), we obtain ( ) ( ) ( ) ( ) 9  8  2  2  2  2  7  2  2  2  2  3  3  2  1  3  2  1   2  2  3  2  6  2  3  2  2  2  2  2  2  1  3  1  1  2  2   2  5  2  2  2  3  3  1  1  2   3 11  47 3  6  32  2  27  6  141 11  96 2   3  18  54  204  8  48  52  102  79 332  24  68   16  420  156  78  26  41 (   2  2  2  2  4  2  2  3   2  2  3  2  2  2  4  2  3  3  2  2  1  1  2  2  3  2   2  2  4  2  2  2  2  2  2  2  1  2  1  3  2  1   440 143  210  52  158   244  291 510  42  92  145 264  132  6  255  49  96  180   360  96  120 15 30  259  126  252  36 60  56 
In the presence of triaxiality only, we have 
It is noticed that in each case there exists only one physically reasonable root.
Stability of collinear points
We examine the stability of an equilibrium configuration that is its ability to restrain the body motion in its vicinity. To do so we displace the infinitesimal body a little from an equilibrium point with small velocity. If its motion is rapid departure from vicinity of the point, we call such a position of equilibrium an unstable one. If the body oscillates about the point, it is said to be a stable position.
As Singh and Bello [12, 13] to study the stability of the collinear points we linearize the equations of motion (1) by using Taylor's expansion and neglecting second and higher order terms of 1 
The second order partial derivative of W are denoted by subscripts. The superscripts 0
indicates that the derivative is to be evaluated at the collinear equilibrium points ( ) 0 0 ,η ξ under consideration.
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The second order derivatives are ( ) 2  2  2  1  2  1  2  5  3  5  3  7  1  1  2  2  1   2  2 2  2  1  2  2  1  5  9  7  2  1  1  1   2  2  2 15(1 
In order to study the stability of the collinear points we have to study the motion in the proximity of these points, hence in this case (14a)-(23a) can be written as: ( ) 2  2  2  0  1  2  1  2  5  3  5  3  7  1  1  2  2  1   2  2  2  2  1  2  5  2  5  3  3  5  1  1  1  2  2 15(1 )(2 )( ) 2  2  2  1  1  2  3  3  5  2  3  3  1  2  1  1  2   2  2   4  4  3  3  3  3  3  3  1  2  1  2  1  2  1  2  1 2  1 2  1 
Now we will show the discriminant ∆ of (13) is positive at the collinear points ( )
It is noticed that 0 ) )( ( 4
as shown below K can also be written as
From ( Hence, the discriminant ∆ of the characteristic equation (13) is positive, and the characteristic roots can be written as 1, 2 , s ω = ± 3, 4 . is ω ′ = ± where s and s′ are real. (6400, 6400, 6400), (6400, 6390, 6380), (6400, 6380, 6360), (6400, 6370, 6340) and (6400, 6360, 6320). We have calculated the locations of the three collinear libration points in all the five cases by using the method in the above mentioned analysis. The second entries in table 1 correspond to the positions of collinear points in the presence of triaxiality only. Some of the data has been borrowed from Sharma and SubbaRao [16] and Dermott & Murray [17] . 
Stability at Point 1 L for the Earth-Moon System
We numerically investigate the stability of the collinear equilibrium point 1 L for the EarthMoon System. For this, we compute the value of 1 λ using equation (8) and roots of characteristic equation (13) for varying the triaxiality parameters, and list them in table 2. Table 2 . Roots of the characteristic equation (13) . 
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It is clear from table 2 that for a specific set of parameters 1 2 , σ σ at least one of the roots among all has a positive real root. Thus we conclude that the equilibrium point 1 L is unstable. We may examine the stability of other equilibrium points 2 3 , L L in the same manner as 1 L . We will see that 2 3 , L L are also unstable.
Discussion
Equations (1)- (4) describe the motion of a third body under the influence of the triaxiality of the bigger primary. Equations (8), (10), (12) give respective positions of the collinear equilibrium points
which are dependent of the relativistic terms and triaxiality coefficients while equations (8a), (10a), (12a), give their positions in the presence of triaxiality factor only. It is noticed in section 4 that the relativistic terms and triaxiality coefficients are unable to alter the instability characteristic behavior of the collinear points. This is confirmed numerically from section 5 by the presence of positive real roots of the characteristic equation (13) L and 3 L move towards the origin from the classical position due to relativistic or triaxiality or joint effect.
Conclusion
A study of the effect of triaxiality on the locations and stability of collinear points is carried out. It is noticed that in spite of the presence of relativistic terms and triaxiality coefficient, the instability characteristic behavior of the collinear points remains unchanged. This is confirmed using numerical approach as it reveals the existence of at least a positive root. Consequently, the motion is unbounded and we conclude that the equilibrium points are unstable due to positive roots. A numerical survey of the Earth-Moon system showed that in the absence of triaxiality coefficients, the relativistic terms have an effect on the positions of 1 2 , L L and 3 L . It is also noticed that 1 L comes nearer to the primaries with the increase in triaxiality coefficients while 3 2 , L L move away from the more massive primary with the increase in triaxiality coefficients. It is also found that for the Earth-Moon system, in the presence of triaxiality, the relativistic factor has no observable effect in most of the cases on the positions of 1 L and 3 L whereas it has a noticeable effect on the position of 2 L except for the case 2.
For the future work, the study of the effect of mass ratios on the locations and stability of collinear points is suggested.
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